Introduction
There is a growing literature on data mining from databases of single-read sequencing of mRNAs known as expressed sequence tags or ESTs. Many have emphasized the utility of this 'in silico cloning' in positional cloning projects, particularly when combined with single nucleotide polymorphism (SNP) detection (Brookes, 1999) . However there have been few reports of the practical implementation and efficacy of this approach in real positional cloning projects. Here we describe the identification of transcripts and associated SNPs in an 11 cM region of 4p (D4S394-D4S403) which has shown linkage to bipolar affective disorder (BPAD) (Blackwood et al., 1996; Kennedy and Macciardi, 1998) .
The aim was to extend marker sequences by in silico cloning without the need to do further 'wet' laboratory work and thereby serve two purposes. The first was to identify as many of the ESTs present as possible as the first step towards a complete transcript map of the region. The second was to identify SNPs, to narrow the disease region further by association studies and shorten the list of candidate disease genes. In the process the relative utility of the various EST and SNP databases in this study were assessed.
Systems and methods
190 publicly available marker sequences (65 derived from ESTs) mapping within the D4S394-D4S403 interval were retrieved from GeneMap'99 (Deloukas et al., 1998) , GDB (Letovsky et al., 1998) , Genethon (Gyapay et al, 1994) , the collection of STS sequences at the Whitehead Institute (Hudson et al., 1995) and those held at the Stanford Human Genome Center (Stewart et al., 1997) . A subset of * To whom correspondence should be addressed.
18 of the STS sequences were known to be derived from longer sequences (full mRNA or cosmid sequences) and in these cases the longer parent sequences were used in the searches described below.
Marker sequences (masked for repeats using RepeatMasker (Smit and Green, unpublished) ) were searched against the latest releases of the three major clustered EST databases: UniGene Hs Build #107 (Schuler, 1997) , the Human Gene Index (HGI) Release 4.5 (Adams et al., 1995) and the Sequence Tag Alignment and Consensus Knowledgebase (STACK) 2.31 (Miller et al., 1999) as well as the NCBI database of EST data (dbEST) release 012800 (Boguski et al., 1993) . The dbEST database and consensus sequences from STACK and HGI were searched using BLASTN (Altschul et al., 1997) . UniGene was searched via submission of text queries (GenBank EST/mRNA accession numbers) since consensus sequences are not available. A set of the longest sequences from each UniGene cluster is available and this was searched using BLASTN for comparison with the text query method. All BLAST searches of clustered EST databases were deemed significant at an arbitrary level (1 × 10 −100 ) that was found empirically to identify known matches and then the resulting alignments were verified manually.
The three databases examined differ in the number of clusters they contain (Table 1 ) and the methodologies used to construct them (see Bouck et al. (1999) for a more detailed description). HGI clusters are compiled according to the stringent criteria of an automatic assembler that generates reliable consensus sequences whereas UniGene groups ESTs more permissively, according to whether they share a statistically significant overlap or were sequenced from the same clone. The sequences in STACK are first categorized according to their tissue of origin and then aligned to produce consensus sequences. Reads are also clustered together if they originate from the same cDNA as with UniGene.
SNPs were identified using two methods. The first was BLASTN searching of all constituent sequences c Oxford University Press 2000 of identified transcript clusters against two databases: dbSNP (Smigielski et al., 2000) at NCBI (Jan 19 2000 update); and HGBASE (Brookes et al., 2000, release 5) . BLAST searches were again deemed significant at an arbitrary level of significance (1 × 10 −10 ) and then the resulting alignments were verified manually. The second method was manual examination of EST cluster contigs in CONSED (version 8.0 Gordon et al. (1998) ). For these manually identified SNPs, both variants were required to be present in reads from at least two different cDNA libraries: that is, the minor variant must have been detected independently at least twice. The SNP sites also had to be in regions of relatively reliable sequence, i.e. outside ambiguous regions of contigs. All such manually identified SNPs would have to be subject to PCR-based verification before being used in association studies.
Results
Of the 190 original marker sequences, 94 (49%) were assigned to transcript clusters. As expected, all 65 EST derived markers were successfully assigned to transcript clusters together with 16 (89%) of the mRNAs and 12 (11%) of the STS sequences. Of the two mRNA sequences that were not assigned to transcript clusters neither had matches in dbEST and were assumed to be expressed at a low level or not at all. One of them (M11377) is annotated as a pseudogene. Of the STS sequences not assigned to transcript clusters only two were found to have matches in dbEST and in both cases this allowed them to be assigned to transcript clusters. Taking redundancy between the three databases into account, 56 transcripts were identified in total of which 17 were singlet clusters (containing only one EST sequence). This represents a total increase in sequence length (total transcript cluster length 104 237 bp minus marker length 27 298 bp) of 76 939 bp.
The highest number of transcripts identified was from UniGene. This was presumably because UniGene has less strict criteria for clustering and includes more input sequences. Having said this, the searches of each database yielded broadly the same number of transcripts (Table 1) . This was expected as all three databases are based on very similar EST data. A more surprising observation was that each of the three databases assigned a small number of marker sequences to clusters when the other two failed to do so (Table 1) . Even ignoring matches to singlet ESTs, 11 marker sequences were found to belong to clusters only found in a single database.
As mentioned above, UniGene was searched in two different ways: (i) by BLAST searching against the longest sequences from each cluster and (ii) by searching for the presence of marker sequence accession numbers in cluster annotations. As expected, since many sequences in UniGene will not be represented by the longest sequences, method (ii) identified three transcript clusters not identified by method (i).
In the STACK database alternatively spliced transcripts appear as different, tissue specific clusters. This is likely to explain the relatively low number of ESTs per transcript and the comparatively short mean transcript length seen in the results for STACK (Table 1 ). The relatively high standard deviation for STACK transcript length reflects the heterogeneity introduced by tissue level clustering since some ESTs have only been sampled from a single tissue.
The 1689 constituent sequences of all transcript clusters identified were found to contain 37 SNPs from dbSNP. A total of six SNPs were identified from HGBASE, and of these five were already known from dbSNP. Manual examination of transcript cluster contigs identified an additional five candidate SNPs plus one already known from the searches of dbSNP.
Discussion and conclusion
A total of 56 putative transcripts were identified in this study, 18 of which were already known and had complete coding sequence available. A physical map currently being assembled (Evans et al., manuscript in preparation) allows us to estimate the size of the D4S394-D4S403 region as about 6 Mb. We would therefore expect it to contain between 120 and 160 genes, assuming average gene density estimates by Antequera and Bird (1993) and Fields et al. (1994) respectively. The success rate of identifying genes in our region of interest can therefore be tentatively estimated as around 35% to 47%, although this may be an underestimate as Deloukas et al. (1998) suggest that this particular region is of below average gene density.
The density of SNPs found in the human genome varies widely from the commonly quoted figure of 1 per transcript identification 1000 bp in genomic sequence, perhaps by differences as large as 100-fold (Brookes, 1999) . One estimate based on the study of 106 human genes suggests a density of around 1 per 350 bp in both coding and non-coding sequence (Cargill et al., 1999) . Given this density, over the 104 237 bp of total transcript cluster length we would expect 298 SNPs but as yet we have identified only 43 (14%). However, given the presence of non-validated, candidate SNPs in the results this estimate is necessarily approximate. The SNPs that were identified were found in 18 transcript clusters, of which only 10 included coding sequence. Few SNPs were identified from HGBASE relative to dbSNP and this is undoubtedly because the release of HGBASE searched was only about a quarter of the size of the corresponding release of dbSNP. The number of known SNPs is set to increase by at least an order of magnitude over the next few years (Brookes, 1999) but our results show that searching SNP databases is already an important research tool.
The SNPs discovered in this defined region of 4p will be valuable in refining the genetic interval containing a susceptibility locus for BPAD. It is, however, worth considering at this early stage whether any of the relatively well annotated genes are good candidates. An increasing number of studies suggest that lithium, which is used in the treatment of BPAD, alters a variety of signal transduction processes (Kofman and Patishi, 1999) . Only one of the genes identified in this study is thought to encode a protein directly involved in signal transduction: WDR1 (UniGene cluster Hs.85100). The present data also include the D5 dopamine receptor gene DRD5 (UniGene cluster Hs.143526) which has previously been investigated as a candidate gene in BPAD, however no DRD5 polymorphisms tested thus far have shown association with the disease (Kirov et al., 1999) . The presence of two transcribed pseudogenes 95% identical to DRD5 at the DNA sequence level (Grandy et al., 1991) makes interpretation of EST data difficult for this gene. Further association studies with the SNPs found in these genes may clarify their status as candidate genes in BPAD. However, we would emphasize that it is highly likely that amongst the the estimated 120-140 additional genes yet to be annotated several other equally plausible candidates for involvement in BPAD will emerge.
This study presents data drawn from rapidly evolving databases. One method of gauging the utility of such databases is through reports of their roles in recent projects. In addition, a number of conclusions that may be helpful to others undertaking similar exercises can be drawn. For instance, the fact that certain transcripts were identified uniquely by each clustered EST database demonstrates that it is still necessary to search all three, in spite of the large numbers of sequences used as input to each. A major factor in the differences between numbers of transcripts identified from the three databases is the frequency with which they are updated: UniGene is recompiled every 14 days but HGI and STACK are updated somewhat erratically every few months. Also, each database was found to have its own virtues. UniGene was invaluable for the large amount of related information on full mRNA sequences and mapping. The relatively strict method of clustering in HGI means that it should be consulted for accurate consensus sequences. STACK offers information on the tissue specificity of splice variants, which will become an increasingly useful resource as more ESTs are added to the database.
